amounts. Little work has been directed toward the mechanism of acrolein formation although the dehydration of glycerol in aqueous media poses intriguing biochemical questions. Both Mills et al. (1954) and Serjak et al. (1954) speculated that glycerol was attacked by acroleinproducing lactobacilli only after fermentable carbohydrate was largely utilized, i.e., that sugar has a sparing action on glycerol. This view was supported by the observations that acrolein is not formed in the presence of high levels of glucose and that glycerol is not actively fermented as a sole substrate. Voisenet (1914) studied the formation of acrolein from glycerol by B. amaracrylus and concluded that glycerol was first dehydrated to 3-hydroxypropionaldehyde. He then assumed a second dehydration to acrolein. He also noted that fermentation liquors contained trimethylene glycol which he assumed was formed from f-hydroxypropionaldehyde strictly by chemical reaction.
Several workers have noted that acrolein is occasionally formed when Escherichia freundii ferments glycerol to trimethylene glycol. Mickelson and Werkman (1940) found the amount of acrolein formed could be increased by including CaHSO3 in the medium. However, attempts to show that acrolein is a precursor of trimethylene glycol ended in failure. They concluded that it is not a precursor, but rather is formed from some minor side reaction. Otsuka (1958) postulated that Bacterium succinicum reduces glycerol to trimethylene glycol which is then oxidized to 3-hydroxypropionaldehyde, and, in turn dehydrated to acrolein. According to Bergey's Manual of Determinative Bacteriology this organism belongs to the genus Escherichia, and since it produces trimethylene glycol from glycerol it probably should be classified as E. freundii.
Studies on the kinetics of acrolein hydration by Pressman and Lucas (1942) revealed that the rate of hydration is slow in aqueous solution at room temperatures but is greatly accelerated in the presence of 0.5 M perchloric acid. The equilibrium constant for hydration was found to be about 0.03 compared with 0.003 for dehydration. When acidified solutions of acrolein were heated to 100 C, equilibrium with the hydrated compound was reached in approximately 5 min. The hydroxyaldehyde was found to be quite stable in acidic solution at room temperature. Since distillation is commonly employed to separate acrolein prior to its quantitative determination, it seems plausible that acrolein found in fermentation liquors may actually have existed (before distillation) as,-hydroxypropionaldehyde, the acrolein precursor suggested by Voisenet (1914) .
This study is concerned with the identification of the products of glycerol dissimilation by an organism found by Serjak et al. (1954) (Garey et al., 1945 The following analytical procedures were used: acrolein by the method of Circle et al. (1945) ; ethanol by microdiffusion in Conway dishes according to Winnick (1942) ; glucose by the method of Somogyi (1945) ; glycerol either by periodic acid oxidation by the method of Lambert and Neish (1950) or by partition chromatography as described by Neish (1950) ; and organic acids by adsorption on a Celite column followed by elution with chloroform-butanol. Trimethylene glycol was determined by paper chromatography. The glycol was located by spraying with ammonium molybdate solution as described by Aronoff and Vernon (1950) . Trimethylene glycol-1-C'4 was determined on the paper using a Forro scanner. The area of radioactivity was found to correspond with the ammonium molybdate spot obtained with an authentic sample of trimethylene glycol obtained from Eastman Kodak Company and subsequently purified. Quantitative estimation was made by measuring the area under the peaks with a planimeter. Comparable results were obtained with the following solvent systems: n-butanol-chloroform-0.2 N H2SO4, 15:85:25; n-butanol-acetic acidwater, 5:1:2; and n-butanol-pyridine-benzenewater, 5:3:1:3.
Radioactive ,-hydroxypropionic acid was determined by Forro scanner after separation on Salts B contained MgSO4-7H20, 10 g; and 0.5 g each of NaCl FeSO4.7H20, and MnSO4.4H20 per 250 ml distilled water. paper using the above solvent systems. The reference compound was obtained from B. F. Goodrich Chemical Company. Allyl alcohol and, in some instances, trimethylene glycol were determined by Perkin-Elmer Vapor Fractometer.
Glycerol-i-C'4 was obtained from NuclearChicago.
RESULTS
In table 1, results are summarized of an experiment designed to determine the effect of different concentrations of glucose and glycerol and different ratios of glycerol to glucose upon acrolein formation. It may be seen that the glucose concentration is not critical to acrolein production but rather the molar ratio of glycerol to glucose. Also, growth was increased by higher levels of glycerol with all levels of glucose. Acrolein, however, accumulated only when the molar ratio of glycerol to glucose was 4:1 or higher. These results suggest that glycerol and glucose are utilized concomitantly. If true, acrolein is either not formed in the presence of high levels of glucose or is formed and converted to another compound.
To substantiate glycerol utilization in the presence of glucose, a substrate comprised of a fixed concentration of glucose and varying concentrations of glycerol was fermented. Table 2 shows that essentially all the glycerol was utilized when the molar ratio of glycerol to glucose was as high as 2:1 even though no acrolein was To more readily detect the products produced from glycerol, resting cells were allowed to metabolize glycerol-i-C14 in the presence and in the absence of glucose. glycerol is present in the medium, it would appear that glycerol (or its metabolic products) acts as the preferred hydrogen acceptor during fermentation. Conditions: 5 ml washed cells containing 200 mg (dry weight); 28 ml 0.03 M KH2PO4 buffer; 9 ml H20; nitrogen atmosphere; temperature, 28 C. 
DISCUSSION
The fact that /3-hydroxypropionic acid and trimethylene glycol occur in equal concentrations when glycerol is metabolized alone ( In the absence of glucose equimolar quantities of trimethylene glycol and ,3-hydroxypropionic acid are formed from glycerol.
Acrolein is neither an end product nor an intermediate product of glycerol metabolism by this organism.
Acrolein, when found, apparently arises from the dehydration of f-hydroxypropionaldehyde. The dehydration is accelerated by acidic conditions or heat.
